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Abstract 
Recent work has shown that attentional deficits following stroke can be 
modulated by motivational stimulation, particularly anticipated monetary 
reward. Here we examined the effects of anticipated reward on the pathological 
attentional blink (AB), an index of temporal selective attention, which is 
prolonged in patients with right hemisphere damage and a history of left neglect. 
We specifically compared the effects of reward versus feedback-without-reward 
on the AB in 17 patients. We found that the patients all manifested impaired 
performance compared to healthy controls and that reward modulated the 
pathological blink in the patient group, but only in the second experimental 
session. When the performance of patients whose neglect had recovered was 
compared with that of patients who had ongoing or persistent neglect, reward 
appeared to only influence the AB in the former. These results have implications 
for our understanding of motivation-attention interactions following right 
hemisphere stroke, and how they may impact upon recovery from spatial 
neglect. 
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1. Introduction 
Spatial neglect, which most commonly occurs following right hemisphere stroke, 
is the archetypal acquired disorder of attention in adults (Bartolomeo; Corbetta 
& Shulman, 2011). A great deal of research into neglect has been carried out to 
increase understanding of attentional processes, and also to develop effective 
treatments, as neglect has a profound impact on rehabilitation outcome. Neglect 
has been described as a ’weak syndrome’, with a number of constituent 
components that frequently co-occur, but it is universally agreed that the 
primary cognitive processes that are disrupted in neglect relate to attention, and 
the syndrome results from a combination of spatially-lateralised and non-
lateralised components (Corbetta & Shulman, 2011; Husain & Rorden, 2003; 
Vallar & Bolognini, 2014). 
 
Attention in both healthy individuals and in patient groups has been shown to be 
modifiable by a number of behavioural influences, and one area that has been 
particularly closely studied over the last decade is the influence of reward on 
attentional processes (Anderson, Laurent, & Yantis, 2011; Bagurdes, Mesulam, 
Gitelman, Weintraub, & Small, 2008; Della Libera & Chelazzi, 2006; Hickey, 
Chelazzi, & Theeuwes, 2010). Numerous studies have demonstrated that 
anticipated reward, in the form of food or money, can modulate attention at the 
behavioural level, with associated neural correlates that can be observed using 
electrophysiology and functional imaging (Kiss, Driver, & Eimer, 2009; Mohanty, 
Gitelman, Small, & Mesulam, 2008; Small, et al., 2005). Interestingly, 
approximately thirty years ago Marsel Mesulam noted that reward can also affect 
pathological impairment of attention and described the transient improvement 
of neglect on a standard clinical task when a patient was offered money for each 
target found (Mesulam, 1985). Following the more recent work with healthy 
volunteers described above, we systematically explored this in a group of stroke 
patients and showed that anticipated monetary reward can directly modulate 
the severity of neglect, and other investigators have also found that reward-
based learning can improve spatial exploration in patients with fronto-parietal 
dysfunction (Lucas, et al., 2013; Malhotra, Soto, Li, & Russell, 2013).  
 
Although these studies demonstrate that reward can reduce deficits of spatial 
attention in stroke patients, a number of questions regarding reward’s 
modulatory effects remain unanswered. The first of these relates to the 
underlying mechanism. In a number of studies with healthy individuals, 
anticipated reward has been shown to affect attentional performance in specific 
tasks by modulating the salience of individual stimuli, and performance can in 
fact be worsened if distractors rather than targets are associated with reward 
(Anderson, et al., 2011; Della Libera & Chelazzi, 2006). However, reward has also 
been shown to have more general effects, acting as incentive motivation for the 
strategic control of attention (Chelazzi, Perlato, Santandrea, & Della Libera, 2012; 
Hubner & Schlosser, 2010).  As our previous study employed stimuli that were 
explicitly associated with monetary value, either or both of these mechanisms 
might have been responsible for reward’s effects on attention. Thus, in that 
study, it was not possible to determine which of these mechanisms was 
responsible for the effects of reward on spatial neglect. 
 As stated above, neglect is a clinical syndrome rather than a unitary disorder, 
and it is thought to arise from the combination of spatially lateralized and non-
lateralized component deficits (Husain & Rorden, 2003). As previous studies 
looking at reward in neglect have examined spatial search behaviour, it has not 
been possible to ascertain whether any of the non-lateralised deficits of attention 
that have previously identified as part of the neglect syndrome are also affected. 
These non-spatially lateralized attentional deficits may persist after neglect has 
recovered, with the potential to impact upon everyday activities (Farne, et al., 
2004).  
 
One particularly intriguing aspect of the interaction between motivation and 
attention following brain damage is how it might relate to recovery (Robertson, 
2013; Russell, Li, & Malhotra, 2013). Previous work showed that reward-based 
learning can subsequently lead to reduced bias on a standard cancellation task 
(without any reward involved) and that spared subcortical networks are likely to 
be responsible for this effect (Lucas, et al., 2013). We previously found that a lack 
of response to reward was associated with damage to the striatum, which is a 
key region in reward processing (O'Doherty, 2004). In animal models of neglect, 
striatal damage has been shown to worsen and prolong neglect, suggesting that 
the combination of subcortical and cortical damage may limit recovery 
(Christakou, Robbins, & Everitt, 2005). These findings support the notion that 
lack of response to motivational stimulation, which has been linked to clinical 
apathy in other populations of stroke patients (Adam, et al., 2013; Rochat, et al., 
2013), may directly impact scope for recovery in patients with spatial neglect.  
 In the current study, we examined all these issues by assessing the effects of 
reward on the attentional blink (AB), an index of temporal selective attention, 
which has been shown to be affected in patients with and without spatial neglect 
secondary to right hemisphere stroke (Husain, Shapiro, Martin, & Kennard, 
1997; Shapiro, Hillstrom, & Husain, 2002). The AB specifically refers to healthy 
individuals’ inability to detect a second visual target (T2) in a stream of 
distractors if another target (T1) has been presented and correctly identified 
200-500ms previously in a rapid serial visual presentation (RSVP) paradigm 
(Broadbent & Broadbent, 1987; Raymond, Shapiro, & Arnell, 1992; 
Weichselgartner & Sperling, 1987).  A great deal of research has gone into 
examining the underpinnings of the AB, and this has shown that it is a relatively 
robust phenomenon, which, although multifactorial, appears to relate to 
attentional capacity rather than being a perceptual limitation (Dux & Marois, 
2009). Several functional imaging studies have attempted to identify the neural 
correlates of the AB and these have implicated a network distributed across 
multiple cortical regions (Kranczioch, Debener, Schwarzbach, Goebel, & Engel, 
2005; Marois, Chun, & Gore, 2000). However damage to the inferior parietal lobe 
and superior temporal gyrus appears to be particularly important in the 
pathological AB observed following stroke  (Shapiro, et al., 2002). 
 
In one of the first studies demonstrating a non-lateralised deficit in neglect, 
Husain and colleagues reported a pathological prolongation of the AB in patients 
with the neglect syndrome (Husain, et al., 1997). Compared to healthy subjects 
and right-hemisphere stroke patients without neglect, the AB of those with 
neglect was extended beyond 1260ms compared to 360ms in the control groups. 
Critically, there was a significant correlation between the degree of neglect, as 
measured by performance on a standard cancellation task, and the magnitude of 
the AB. The authors proposed that, in addition to a spatial bias, neglect has a 
non-lateralised, temporal component which when present, may exacerbate 
spatial neglect (Husain & Rorden, 2003). Further work has shown that, although 
there is evidently a link between poor temporal selection and biases in spatial 
attention, the presence of neglect is not a necessary prerequisite for a 
pathological AB (Correani & Humphreys, 2011; Rizzo, Akutsu, & Dawson, 2001; 
Russell, Malhotra, Deidda, & Husain, 2012; Shapiro, et al., 2002). 
 
There is evidence that the AB can be subject to modulation in healthy individuals, 
including by the emotional (Anderson & Phelps, 2001; de Oca, Villa, Cervantes, & 
Welbourne, 2012; Kanske, Schonfelder, & Wessa, 2013; Tibboel, Van Bockstaele, 
& De Houwer, 2011) or motivational salience of the target stimuli (Brevers, et al., 
2011; Liu, Li, Sun, & Ma, 2008; Tibboel, De Houwer, & Field, 2010; Waters, 
Heishman, Lerman, & Pickworth, 2007). Monetary rewards have been reported 
to facilitate performance, but with variable results. Participants in a study by 
Raymond and O’Brien learned to associate facial stimuli with monetary gains, 
losses, or neither, which were subsequently used to represent T2 in an AB task 
(Raymond & O'Brien, 2009). A typical AB effect was seen when T2 was of faces 
previously associated with loss or neutral outcomes. In stark contrast, T2 
recognition for win-associated faces rendered the AB effect absent. In another 
study accurate T1/T2 performance was rewarded with earnings but incorrect 
identifications were punished with monetary losses (Olivers & Nieuwenhuis, 
2005). Although no statistically significant effect of reward on the AB was found 
when performance was compared to another group of subjects who performed 
the task in the absence of anticipated monetary reward, there was a trend 
towards better performance at the longest T2 lag, suggesting that the duration of 
the AB may be reduced under conditions of higher motivation. Similarly, 
Bijleveld and colleagues reported no beneficial effect on the AB when monetary 
reward was made explicit, yet when participants were subliminally exposed to it, 
high value rewards improved performance (Bijleveld, Custers, & Aarts, 2011). 
 
In the current study we examined the effects of reward on the pathologically 
prolonged AB in patients with a history of right hemisphere stroke and spatial 
neglect. In addition to examining the effects of reward on this non-lateralised 
attentional deficit we attempted to directly address some of the unresolved 
issues discussed above. By using stimuli that were not explicitly associated with 
monetary value, we were able to assess whether a reward would affect 
performance without any association between monetary value and target 
identity. In addition, we incorporated a control condition where feedback alone 
was given without any associated reward, enabling us to dissociate any effects of 
feedback from those of anticipated monetary reward. None of the previous 
studies examining the effects of reward in neglect have attempted to separate 
the motivational effects of anticipated reward from effects due to task feedback. 
It is known that task feedback can improve attentional performance in healthy 
individuals and evidence also exists to suggest that performance feedback per se 
can influence task performance in stroke patients, even in the absence of 
anticipated reward (Szalma, Hancock, Dember, & Warm, 2006; Tham & Tegner, 
1997). Finally, although all the patients we recruited had suffered from neglect 
soon after their stroke, a number had recovered, such that we were able to 
explore any possible relationship between the reward-attention interaction and 
recovery from neglect. 
 
2 Methods 
2.1 Patients 
Seventeen right-hemisphere stroke patients (twelve male) were recruited via the 
stroke unit at Imperial College Healthcare NHS Trust (See Table 1 for further 
details).  
Table 1: Participants demographic data and neglect scores at the time of 
presentation and participation in the current experiment 
Neglect was considered to be present if there was a difference more than two 
target omissions between the contralesional and the ipsilesional half of the array 
on the Mesulam shape cancellation task or the BIT Star cancellation task. 
* Indicates where patient was unable to perform cancellation task or where data 
unavailable. 
 
 
Subj
ect 
Se
x 
Age 
(yea
rs) 
Time 
since 
Strok
e 
(mont
hs) 
Stroke 
Type 
Hemian
opia (at 
time of 
study) 
Initia
l BIT 
Star 
Initial 
Mesul
am 
BIT 
Star 
Mesul
am 
Neglec
t 
Status 
L R L R L R L R 
1 F 70 3 Haemorr
hage 
No 0 1
4 
0 6 2
0 
2
7 
* * Ongoi
ng 
2 M 47 68 Infarct Yes * * * * 1
0 
2
6 
* * Ongoi
ng 
3 M 80 2 Infarct No 1
8 
2
6 
2 5 2
6 
2
5 
22 2
6 
Ongoi
ng 
4 F 50 4 Infarct Yes 0 8 0 5 7 2
5 
19 2
5 
Ongoi
ng 
5 M 63 51 Infarct Yes 5 2
7 
* * 2
2 
2
7 
* * Ongoi
ng 
6 F 68 4 Infarct No 2
0 
2
6 
20 2
9 
* * 28 2
9 
Recov
ered 
7 M 63 3 Infarct No 0 2
2 
0 1
3 
2
7 
2
7 
30 3
0 
Recov
ered 
8 M 73 2 Infarct No 1
8 
2
1 
9 2
9 
2
7 
2
7 
29 3
0 
Recov
ered 
9 M 49 0.25 Infarct Yes 1 2 15 2 0 1 0 1 Ongoi
0 0 1 7 8 ng 
10 F 46 38 Infarct No 0 1
5 
0 8 2
7 
2
7 
29 2
9 
Recov
ered 
11 F 61 5 Infarct No 1
1 
2
7 
0 1
4 
2
4 
2
7 
13 2
7 
Ongoi
ng 
12 M 79 9 Infarct Yes 0 5 0 0 0 7 0 1
0 
Ongoi
ng 
13 M 74 5 Infarct No 0 1
3 
0 0 2
0 
2
6 
8 1
8 
Ongoi
ng 
14 M 76 8 Infarct No 0 2 0 0 2
4 
2
6 
27 2
8 
Recov
ered 
15 M 63 6 Infarct No 4 2
6 
0 8 2
5 
2
7 
25 2
4 
Recov
ered 
16 M 84 11 Infarct No 2
5 
2
7 
4 2
7 
2
7 
2
7 
29 2
9 
Recov
ered 
17 M 73 4 Infarct No 0 1
3 
0 7 2
5 
2
7 
20 3
0 
Ongoi
ng 
 
 
 
Their mean age was 65.8 yrs with a mean duration of 13.1 months since their 
stroke. All had evidence of left-sided visuospatial neglect when tested in the 
acute stage, and seven had recovered by the time of testing. For the purposes of 
the current study, neglect was defined by the presence of a lateralised spatial 
deficit on the Mesulam shape cancellation task (Mesulam, 1985) and/or the BIT 
star task (Wilson, Cockburn, & Halligan, 1987), as evidenced by a difference of 
more than two target omissions between the contralesional and the ipsilesional 
half of the array.  Age-appropriate healthy control subjects were also recruited.  
All participants provided written informed consent before entering into the 
study, and the study was approved by the local Ethics Committee. 
 
2.2 Behavioural Task and Experimental Procedure 
The AB task was adapted from that used by Husain et al. (Husain, et al., 1997), 
and developed using E-Prime software (Psychology Tools Inc.). From a distance 
of approximately 50cm, subjects viewed an alphanumeric rapid serial visual 
presentation (RSVP) stream in bold Arial type, font size 36, presented at the 
centre of a Hewlett Packard EliteBook 2470p Tablet PC (See Figure 1). Subjects 
initiated a block of trials by depressing the spacebar key.  Each stimulus was 
presented for 83.3ms for stimulus duration with a 66.7ms interstimulus interval 
(ISI). All stimuli were presented on a uniform grey background, and each trial 
began with a black fixation cross, presented centrally for 1000ms. Distractor 
 
stimuli were black capital letters, the first target (T1) was a white number 
between 1 and 9 inclusive, and the second target (T2) was a different black 
number between 1 and 9. The number of letters presented before T1 varied 
randomly between 3 to 9 items.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: AB task: Non-Reward (A) and Reward Conditions 
Each trial begins with a 1000ms fixation cross. Non-target items are capital 
letters of the alphabet. T1 is a white number and T2 is a black number, both 
between 1 and 9. T2 is presented at lag positions 1 to 5, 7 or 10. Each item of the 
RSVP stream is presented for 83.3ms followed by an interstimulus interval of 
66.6ms, comprising a stimulus onset asynchrony of 150ms. At the end of each 
A 
+ 
T1 
T2 
Pre-T1 items 
(3 to 9) 
Correct!  
You have won £2! 
 
 
 
Correct! Well done! 
 
 
 
Incorrect!  
You have lost £2! 
 
 
Incorrect! Sorry! 
 
 
 
 
 
1000ms 
150ms 
Lags 1 to 5, 
7 or 10 
G 
L 
 
T 
8 
C 
What was 
the white 
number? 
What was 
the black 
number? 
 
Non-
reward 
feedback 
screen 
Reward 
feedback 
Screen 
Post-T2 items 
(0 to 9) 
Tim
e 
B 
trial, subjects are asked to report the identities of T1 and T2. Correct and 
incorrect responses are visually fed back to subjects in non-reward (A) and 
reward (B) conditions. 
 
Participants had to detect and then correctly report both T1 and T2. Letters that 
could be mistaken for digits (I, S and Z) were removed from the distractor 
streams. 
 
Based on pilot work, between 3 and 9 non-target items appeared before T1 to 
optimise T1 detection. The position of T1 was not fixed to prevent subjects from 
predicting its location within the distractor stream, and thereby potentially 
bypassing processing limitations through the establishment of temporal 
expectations (Tang, Badcock, & Visser, 2014). T2 was presented at lag positions 
(composed of multiples of 150ms) 1,2,3,4,5, 7 or 10. Thus this target could be 
presented between 150ms and 1500ms following the presentation of T1. Both 
identification and detection tasks have been used to study the AB but it has been 
argued that identification tasks are more complex than those of detection, and 
therefore more challenging for participants (Kawahara, Di Lollo, & Enns, 2001). 
An SOA of 150ms (83.3ms for stimulus duration with a 66.7 ms ISI) was chosen 
on the assumption that an AB would be evident before lag 10, when T2 would 
occur 1500ms after T1, based on the results of Husain and colleagues (Husain, et 
al., 1997), who demonstrated that right hemisphere stroke patients with neglect 
recovered from the AB effect by 1440ms. It should be noted that in an earlier 
pilot task that induced an AB in healthy individuals, patients’ T2 performance 
was at floor. Given that the aim of the current experiment was to examine the 
effects of reward on the AB in patients, the task parameters were adjusted so 
that patients were more likely to manifest a blink. 
 
All patients carried out reward (R) and No reward (NR) versions of the task and 
each of these consisted of eight blocks of 21 trials. Short breaks were provided 
between each block. At the start of the R session, subjects were informed that 
they would earn 10% of their total winnings on the task, but all subjects were 
rewarded with £20 in vouchers regardless of performance (the Ethics committee 
requested that all subjects were awarded an identical amount for participating in 
any particular experiment). However, participants were unaware of this and 
believed that they were remunerated based on their performance on the task. In 
the R version of the task, correct responses for both T1 and T2 were fed back to 
subjects in pictorial representations in the form of a £2 coin and an incorrect 
response for T1 or T2 was fed back by a an image depicting the loss of £2 (see 
Figure 1). In the NR condition a correct response was fed back by a smiling face 
and an incorrect response led to a crying face. 
 
Participants carried out the two experimental conditions in two sessions, on 
separate days within one week of each other. Subjects received 14 practice trials 
in each condition prior to data collection. The order of the task conditions (R and 
NR) was counterbalanced across subjects to minimise the possibility that any 
observed effect of reward could be related to practice. 
 
2.4 Lesion Anatomy 
All patients included in the study underwent imaging during their acute 
admission as part of their clinical work-up. Six patients had CT imaging only, 
whereas eleven patients had MR imaging. Diffusion-weighted images were used 
for those patients with MR scans acquired within 48 hours of stroke 
presentation, otherwise T2-weighted FLAIR sequences were utilised instead. 
 
Lesions were drawn directly onto patients’ native CT or MR scans using MRIcron 
software (www.mccauslandcenter.sc.edu/mricro/mricron) by a trained 
neurologist (KL) who was not aware of individual patients’ performance at the 
time of lesion mapping. The anatomical scan and lesions were subsequently 
mapped onto stereotaxic space using Clinical Toolbox 
(www.mccauslandcenter.sc.edu/CRNL/clinical-toolbox) for spatial 
normalisation, implemented via the SPM8 software package 
(www.fil.ion.ucl.ac.uk/spm/software/spm8)(Rorden, Bonilha, Fridriksson, 
Bender, & Karnath, 2012).  
 
3. Results 
3.1 Healthy Control Group 
Age-appropriate healthy control subjects were recruited (mean age 63.8 yrs) to 
ensure that any AB effect obtained in the patient group was pathological relative 
to controls. The presence of an AB deficit was determined based on the method 
described by McLaughlin and colleagues (McLaughlin et al., 2001). Combined 
mean T1 performance across all lags was calculated and considered to equate to 
that subject’s asymptotic performance. Lags at which T2 performance was 30% 
or more below the asymptote were considered to be part of the blink. This value 
of 30% is based on the results from multiple studies in both healthy subjects 
(Raymond, Shapiro, & Arnell, 1992; Shapiro, Raymond, & Arnell, 1994) and brain 
injured patients (di Pellegrino, Basso, & Frassinetti, 1998; Georgiou-Karistianis, 
et al., 2012; Hillstrom, Husain, Shapiro, & Rorden, 2004; Husain, et al., 1997; 
Kavcic & Scheid, 2011; Rizzo, et al., 2001), where lags that were typically 
incorporated into the AB included those where T2 performance was more than 
30% below the asymptote. Recruitment was discontinued after the first four 
subjects (two male) as it became evident that by the criteria of McLaughlin et al. 
(McLaughlin, Shore, & Klein, 2001), healthy individuals did not appear to exhibit 
an AB on this specific paradigm. Thus, any observed deficit in the patient group 
was considered to be pathological.  
 
3.2 Patient Group 
3.2.1  T1 Performance 
A repeated measures ANOVA for T1 performance (condition by lag with task 
order as a between-subjects factor) revealed a main effect of lag (F(3.2, 
48.3)=6.24, p<0.005) where T1 accuracy was poorer when T2 occurred at lag 1. 
There was no main effect of condition for mean T1 performance collapsed across 
lags (90.4% and 89.8% for NR and R conditions respectively). There was no main 
effect of task order (F(1, 15)=0.31, p=ns) but there was a condition x task order 
interaction (F(1, 15)=8.35, p<0.05). Post hoc t-tests to explore this further (Fig. 
1A) found no significant difference between NR and R performances in those 
who performed the task in the order of NR-R (t(8)=-1.74, p>0.05), nor in those 
who performed the task in the reverse order (t(7)=2.32, p>0.05).  It should be 
noted that T1 performance was not at ceiling for either condition. 
 
3.2.2 T2 Performance 
Correct T2 performance was determined by both accurate T1 performance and 
correct identification of T2 on the same trial. A repeated measures ANOVA 
(condition (Reward V Non-Reward) by lag with task order as a between-subjects 
factor for T2 accuracy also revealed a main effect of lag (F(6,90)=6.83, p<0.005), 
with a characteristic U-shaped function  of the AB effect, where performance was 
worst at lags 2, 3 and 4 in comparison to lag 10.  There was also a significant 
condition x task order interaction (F(1,15)=7.22, p<0.05). In contrast to the 
results for T1 performance, post hoc t-tests demonstrated that when the second 
session was the R condition, there was a significant improvement in overall T2 
performance compared to the NR condition (t(8)=-3.45,p<0.01), but not vice 
versa (t(7)=0.97,p>0.05) (Fig. 2) However, there was no significant difference 
between NR and R when patients carried out the R task in the first session.  This 
shows that the improvement observed when the R task was second was not due 
to a practice effect and also suggests that when patients performed the R 
condition first, reward affected performance in Session 1 and this carried over to 
Session 2.   
 
  
 
Figure 2: Patients: Mean T2 performance in NR & R tasks as a function of 
task order 
Reward significantly improves mean T2 performance (collapsed across all lags) 
in those patients who performed the reward task after the no reward task (left). 
This is not the case for those patients who performed the tasks in the reverse 
order (right). 
NR = no reward task; R = reward task; Error bars = standard error. 
* p<0.05 
 
 
 
3.2.3 Ongoing Neglect versus Recovered Neglect 
To examine whether there was any possible relationship between motivational 
response and recovery from neglect, we separated the patient group into those 
individuals who had neglect at the time of participation and those who had 
recovered. Ten patients had ongoing neglect, and seven had recovered and the 
two groups did not differ in age   (t (15)= 0.49, p=0.63) or time since stroke. For 
the patients with ongoing neglect, a repeated measures ANOVA (condition x lag x 
task order) for T2 performance revealed a main effect of lag (F(6,48)=7.22, 
p<0.05), with lags 2 to 4 being the worst performing lags compared to lag 10. 
There were no other main effects or interactions.  For the seven patients with 
recovered neglect, a repeated measures ANOVA (condition x lag x task order) for 
20.0
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T2 performance revealed no main effects of lag, condition or task order, but a 
marginal trend for a condition x task order interaction (F(1,5)=5.37, p=0.07). 
Additional post hoc t-tests suggested that when the second session was the R 
condition, there was a improvement in overall T2 performance compared to the 
NR condition (t(4)=-2.83,p<0.05), but not vice versa (t(1)=0.93, p>0.05). That is, 
those who performed the task in the order of NR in session 1 and then R in 
session 2, showed a significant improvement in overall T2 performance with 
reward compared to no reward. Again, as for the patient group as a whole, there 
was no significant difference between reward and no reward for those who 
performed the task in the order of R in session 1 and NR in session 2. 
 
3.2.4 Lesion Anatomy 
Fig 3 (Panel A) shows the overlap for all patients who took part in the 
experiment. This shows that the majority of patients had damage to the middle 
cerebral artery territory, with two patients also having damage to regions 
supplied by the posterior cerebral artery. Patients were split into groups of 
individuals with ongoing and recovered neglect (Panels B and C). When the two 
sets of patients are compared, as can be seen in the lesion subtraction in Panel D, 
patients with recovered neglect were less likely to have damage to temporal 
cortex and underlying white matter, extending superiorly into the superior 
temporal gyrus. 
 
  
 
 
Figure 3 Lesion Maps 
Sagittal image shows slice levels and colour scale indicates number of patients with damage 
to each region. The number of patients with damage affecting a particular region is 
represented by the colour bar at the right of each panel (Panels A –C). Brighter red regions in 
Panel D are those most likely to be damaged in Persistent neglect and least likely to be 
damaged in patients with Recovered neglect. 
 
Panel A: Overlap of All 17 Patients 
Panel B: Overlap of Patients with Ongoing Neglect 
Panel C: Overlap of Patients with Recovered Neglect 
Panel D: Lesion Subtraction (Percentage) Showing Regions Damaged in Individuals with 
Persistent neglect that were less likely to be damaged in those with Recovered Neglect 
 
 
4 Discussion 
4.1 Patient Performance on the Current Paradigm 
As anticipated, patient performance in the AB paradigm was impaired relative to 
the healthy control group. In fact, healthy controls did not show any deficit on 
the current task.  As the purpose of this study was to explore the effects of 
reward on the pathological AB, the parameters of the task were adjusted so that 
they would reliably demonstrate an effect in the patient group, enabling us to 
identify any reward-related response.  Even though a number of patients had 
apparently recovered from their neglect at the time of their participation, they 
still manifested an attentional blink, in keeping with previous observations that 
attentional deficits often persist after apparent recovery from neglect on 
standard clinical tasks (Russell, Malhotra, Deidda, & Husain, 2013). In 
comparison to the findings of Husain and colleagues the post-T1 target 
processing deficit of patients was of much shorter duration (starting to recover 
from 750 ms) and we note that the patients who participated in the current 
study manifested much less of a spatial bias on cancellation tasks than did those 
in the previous study, all of whom failed to locate any targets on the left side of 
space on standard clinical tests (Husain et al., 1997).  
 
4.2 The effects of anticipated monetary reward versus feedback 
There was no overall effect of reward versus performance feedback alone on T2 
performance in the patient group. However, reward did improve performance in 
stroke patients with right hemisphere damage when the Reward session was 
carried out second, with patients’ T2 performance of the patients improving 
(from 55.9% to 62.3%) compared to the NR condition. Crucially, there was no 
improvement in the second session of the task when the R condition was carried 
out first, which would be expected if practice effects were solely responsible. 
Moreover, there was no significant reward-associated improvement in T1 
performance when the NR condition was carried out first even though T1 
performance was not at ceiling, suggesting that the any effect of reward was 
specific to T2 performance and the AB.  
 
We speculate that reward effects on the AB might have also been present in the 
first R session and these then carried over to the second NR session, hence 
precluding the observation of a general difference between reward and feedback 
cases. Such an explanation is consistent with recent research in healthy subjects 
that the AB can be eliminated by prior exposure to the task under conditions in 
which T2 is made salient (Choi, Chang, Shibata, Sasaki, & Watanabe, 2012). 
Reward may have increased the attentional capacity and hence the salience of T2 
during the first session, and this training effect on the AB carried over the second 
session. This interpretation is also consistent with the study of Lucas and 
colleagues where attentional deficits were modulated by reward-based learning 
(Lucas, et al., 2013). In that study carried out a ‘gambling’ search task where 
patients where choices were reinforced by reward, and following this they made 
fewer omissions on standard cancellation tasks that involved no reward. 
 
The results show that reward may, in addition to modulating search behaviour 
(Lucas, et al., 2013; Malhotra, et al., 2013), also influence non-lateralised 
attentional impairments following hemispheric damage such as the AB. Reward 
appeared to improve pathological attentional capacity, and the lack of any 
significant effect on T1 performance indicates that this relates to the temporal-
based selective attention deficits involved in the AB rather than any increase in 
generalised arousal (Robertson, Mattingley, Rorden, & Driver, 1998). The lack of 
a difference in T2 performance between the two conditions when the R condition 
was carried out first is in contrast to our previous study, which showed a 
difference between almost identical rewarded and non-rewarded tasks even 
when they were carried out within minutes of each other (Malhotra, et al., 2013). 
However, as noted in the introduction, that paradigm involved target stimuli that 
were explicitly associated with monetary value, and furthermore, there was no 
direct feedback for every correct and incorrect trial. 
 
4.3 Recovered versus Ongoing Neglect 
The effect of reward was observed at the group level; however we were 
interested in how this related to degree of neglect in the patients. We carried out 
an exploratory analysis of its relationship to recovery, by splitting the group into 
those individuals who had recovered, as measured by standard clinical tests, and 
those who had ongoing neglect.  These two groups did not differ in age or time 
since stroke, but there was evidence that patients who had recovered from 
neglect appeared to respond more strongly to reward, suggesting that response 
to motivational stimulation may be important in recovery from attentional 
biases. Reward responsiveness has been linked to clinical apathy in other 
populations of stroke patients, and this may be an important factor in recovery 
(Adam, et al., 2012; Rochat, et al., 2013).  
 
In previous work, including our own study of reward and neglect, lack of 
response to reward has been associated with damage to the basal ganglia, and 
particularly the striatum. It was not the main purpose of the present study to 
examine the anatomical underpinnings of the reward response, but lesion 
subtraction revealed that the regions spared in those patients who had 
recovered from neglect (and responded to reward) included the superior 
temporal gyrus (STG). Interestingly, in a previous study, Shapiro et al. 
demonstrated that patients with lesions to the STG and inferior parietal lobe had 
evidence of a prolonged AB effect compared to those without  (Shapiro, et al., 
2002). The subtraction analysis that we carried out would suggest that patients 
with STG damage have an attentional capacity deficit that is not modifiable by 
behavioural intervention, and we note that damage to this region has previously 
been associated with prolonged neglect (Golay, Schnider, & Ptak, 2008; Karnath, 
Rennig, Johannsen, & Rorden, 2011). However, we note that this anatomical 
subtraction analysis is based on a preliminary result from a post hoc analysis, 
and as such, requires further examination before any firm conclusions can be 
drawn. 
 
5 Conclusions 
In the current study we found that motivational stimulation, in the form of 
anticipated monetary reward, could modulate the pathological attentional blink 
that has been observed in patients with right hemisphere stroke. This effect was 
most pronounced in those individuals who had recovered from spatial neglect, as 
indexed by standard clinical tests, suggesting a possible role for motivational 
responsiveness in recovery from attentional biases. 
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Highlights: 
 
5. Anticipated reward can modulate the pathological attentional blink 
in right hemisphere stroke 
6. Reward’s effects are greater than those of performance feedback 
alone 
7. Reward response appears to be related to neglect recovery  
